hundred and fifty one patients developed ESRD and there were 69 pre-ESRD deaths. The ARR model significantly stratified the IgAN cohort according to risk of ESRD/death. The inclusion of eGFR and age significantly improved the ARR prognostic model; in the receiver operator characteristics (ROC) analysis, area under the curve (AUC) at 10-years of follow-up increased from 0.79 to 0.89, p < 0.001. Conclusions: ARR is a suitable prognostic model for stratifying IgAN patients according to the risk of ESRD or death. Including initial eGFR and age in the model substantially improved its accuracy in our nationwide cohort.
. Identification of single risk factors in IgAN patients is valuable and has received considerable attention [7] [8] [9] [10] [11] [12] [13] ; however, a combination of different risk factors is potentially even more useful, and a few models incorporating multiple factors have been published in recent years [4-6, 14, 15] . A reliable and widely generally accepted prognostic model can aid the nephrologist when informing the patient about the expected prognosis and deciding on follow-up and treatment regimens. Furthermore, prognostic stratification is important when IgAN patients are included in clinical studies and in the comparison of outcome in different IgAN cohorts. In a recent review, Barbour and Reich demonstrated that various prognostic models of IgAN have been developed in cohorts with considerable differences, for example, number of included patients, length of follow-up, and selection of endpoints and risk factors are highly variable [4] . In addition, to gain general acceptance, external validation of prognostic models is necessary before implementation in clinical practice [16] .
Recently, Berthoux et al. published the new prognostic absolute renal risk (ARR) model to predict ESRD or death in IgAN patients [14] . This model is based on the presence or absence of hypertension, proteinuria ≥ 1 g/24 h, and severe histopathological renal lesions. Based on these risk factors, IgAN patients are stratified into four categories with an ARR score from 0-3 points. This model is simple to use, and the primary endpoint of ESRD or death is highly clinically significant. Of note, a well-established risk factor in IgAN patients, initial estimated glomerular filtration rate (eGFR) [4] [5] [6] 17] , is not included in this model. Neither is age, which is a very strong predictor for death and generally patients with chronic kidney disease (CKD) stage 3-5 consist of older patients than patients with CKD stage 1 or 2 [15, 20] .
We have tested the validity of the ARR model in a nationwide cohort of 1,134 IgAN patients from the Norwegian Kidney Biopsy Registry with up to 25 years of follow-up. We hypothesized that ARR would be useful in the Norwegian IgAN cohort but that including initial eGFR and age in the model would further improve its accuracy.
Subjects and Methods
The study was approved by the Regional Ethics Committee.
Registries Used in the Present Study
The Norwegian Kidney Biopsy Registry (NKBR) was established in 1988 and has collected clinical, biochemical, immunological, and morphological data from most patients who have had a kidney biopsy performed in Norway (current population, 5.1 million) since 1988. All kidney biopsies are evaluated by an experienced nephropathologist. The Norwegian Renal Registry is located at Oslo University Hospital, Rikshospitalet, Norway. All patients in Norway starting chronic renal replacement therapy (chronic dialysis treatment or kidney transplant) have been registered since 1980. The Norwegian Population Registry is part of the tax office in Norway, all Norwegian citizens are registered with a unique 11-digit personal number, and all deaths are registered on a weekly basis.
Identification of Patients with IgAN
We identified all patients diagnosed with primary IgAN and included in NKBR in the period from 1988-2012. The diagnosis of IgAN was based on the criteria described in a World Health Organization monograph of renal disease [18] .
Method of Follow-Up and Definition of Endpoint
The observation period was defined as the period between the date of the kidney biopsy and ESRD (commencement of renal replacement therapy in the form of maintenance dialysis treatment or kidney transplantation), death, or the end of June 2013, whichever came first. The primary endpoint of the present study was ESRD or death. ESRD and death were identified by record linkages of the study cohort with the Norwegian Renal Registry and the Norwegian Population Registry. Only deaths prior to the development of ESRD were counted as endpoints in the present study. In separate analyses of risk of ESRD, death prior to ESRD was treated as a censoring event. In separate analyses of risk of pre-ESRD death, ESRD was treated as a censoring event. We classified causes of death as cardiovascular disease, malignant disease, infectious disease, or other disease/accident.
Prognostic Factors Used in the Study
Proteinuria < vs. ≥ 1 g/24 h . Proteinuria was measured quantitatively in 80% of cases. In 16% of the patients proteinuria was semi-quantified with a standard urine dipstick with ( − ), (+), (++) and (+++) corresponding to <30, 30-99, 100-299 and ≥ 300 mg/ dl of urine albumin [19] . The result was converted as follows: ≤ 1+ = <1 g/24 h and ≥ 2+ = ≥ 1 g/24 h [17] . When neither quantitative nor dipstick measurements were available (4% of patients), the notification of indication for biopsy on the Kidney Biopsy Registry report form was used. When the answer to the question 'proteinuria and nephrotic syndrome yes/no' was 'no', proteinuria was set to <1 g/24 h; if the answer was 'yes', proteinuria was set to ≥ 1 g/24 h.
Hypertension . We defined hypertension as measured blood pressure (BP) ≥ 140/90 mm Hg or use of antihypertensive treatment; these data were available in 95% of the patients. In cases with missing data on blood pressure (<5%), the notification of indication for biopsy on the Kidney Biopsy Registry report form was used and based on the answer to the question 'hypertension yes/no'.
Histological Characteristics. We used a similar definition of mild or severe histopathological lesions as previously reported [20] . Severe lesions were defined as follows: adhesions/segmental sclerosis/crescents/global sclerosis in more than 10% of the glomeruli OR interstitial inflammation/fibrosis in more than 25% of the biopsy area OR significant vasculopathy. Age. Patients were stratified according to age <60 vs. ≥ 60 years.
Estimated GFR (eGFR

Scoring of Patients According to ARR
Patients were scored according to the number of risk factors (proteinuria ≥ 1 g/24 h, hypertension, BP ≥ 140/90, and severe pathological lesions; 1 point for each risk factor) into four risk groups (ARR score 0-3).
Modified ARR Model
The modified ARR model is based upon the risk factors from the original ARR model (proteinuria, hypertension and severe histopathological lesions), and also including eGFR data divided into three groups: ≥ 60, 30-60, and <30 ml/min/1.73 m 2 and age: <60 vs. ≥ 60 years. The importance or weight of each risk factor in the modified ARR model is derived from the adjusted Hazard Ratios (HR) estimated by a Cox proportional hazard model. The modified ARR score for each patient is calculated by multiplying the adjusted HR associated with each of the 5 risk factors if present, mathematical formula shown in online supplementary figure 1 (www.karger.com/doi/10.1159/000381403). Example: For proteinuria ≥ 1 g/24 h and severe histopathological picture, we derived HR = 2.1 and 2.4, respectively. Consequently, a patient with these but no other risk factors present has a modified ARR score of 5.0 (2.1 × 2.4).
Furthermore, the study cohort was risk stratified into 6 groups using the log-transformed modified ARR score. Risk group A; log score = 0, group B; log score >0-<1, group C; log score ≥ 1-<2, group D; log score ≥ 2-<3, group E; log score ≥ 3-<4 and group F; log score ≥ 4-<5.
Statistical Analyses
Statistical analyses were performed using the statistical software SPSS Statistics 22 (SPSS Inc.). All statistical analyses were two-tailed, and a significance level of 0.05 was treated as statistically significant. First, we tested whether the Cox proportional hazard model fitted the data well and that the proportional hazard assumption was not violated. Second, we calculated the unadjusted and adjusted HRs for ESRD or death for each prognostic component in the ARR concept and for eGFR 30-60 and <30 ml/ min/1.73 m 2 and age ≥ 60 years. Third, using Kaplan-Meier statistics, we calculated the cumulative risk of ESRD or death after 5 and 15 years of follow-up in each ARR group and modified ARR group. Log-rank tests were used to test statistical significance. Third, receiving operating characteristic (ROC) curves were used to evaluate the performance of the ARR and the modified ARR models. We derived ROC curves and calculated the area under the curve (AUC) for 5, 10, and 15 years survival excluding observations censored before 5 respectively 10 and 15 years follow-up. Fourth, we calculated the number of patients needed to follow (NNTF) in the different risk groups of the ARR and the modified ARR model. NNTF can be defined as how many patients are needed to follow to detect one patient with endpoint. Fifth, we calculated the consequences of not following one or several low risk groups. Finally, we compared the French and Norwegian study cohorts regarding the distribution of patients in each ARR group and with initial eGFR <60 ml/min/1.73 m 2 . In the French cohort, time zero preceded the diagnostic biopsy with a mean of 5.5 years. Therefore and as further explained in the discussion section, cumulative risks of dialysis/death 5 and 15 years after kidney biopsy were compared with 10 and 20 years outcome respectively in the French cohort.
Results
We identified 1,134 IgAN patients. Of this cohort, 251 (22%) developed ESRD, and 69 (6%) died prior to ESRD. Causes of death were cardiovascular disease (45%), malignant disease (16%), infectious disease (19%), or other disease/accident (20%). The mean duration of follow-up was 10.2 years (minimum 0.0, maximum 25.7 years). The mean age at time of IgAN diagnosis was 38 years (standard deviation, 16 years), and 73% of patients were males. Further cohort characteristics stratified for groups of baseline eGFR are shown in table 1.
The Cox proportional hazard model fitted the data well, all risk factors were significant, and the proportion- , 3.7; eGFR <30 ml/min/1.73 m 2 , 11.3 and age ≥ 60 years, 1.4. At 5 and 15 years of follow-up respectively, the cumulative risk of ESRD or death was 3 and 6% with an ARR score of 0; 6 and 21% with an ARR score of 1; 17 and 43% with an ARR score of 2; and 39 and 60% with an ARR score of 3. These data, as well as data on cumulative risk of ESRD and death prior to ESRD separately, are shown in table 3a and figure 1 .
In the modified ARR model, the scores ranged from 1.0 to 111.6. Stratification of the scores into six groups (A-F) equally spaced on a logarithmic scale is shown in table 3b.
The cumulative risk of ESRD or death at 5 and 15 years respectively was 1 and 3% in group A, 3 and 11% in group B, 8 and 25% in group C, 15 and 55% in group D, 37 and 77% in group E, and 74 and 88% in group F. These data, as well as data on cumulative risk of ESRD and death prior to ESRD separately, are shown in table 3a and figure 2 .
In ROC analyses, AUC values at 5, 10, 15 years were 0.76, 0.79, 0.80, respectively with the original ARR model and 0.88, 0.89, 0.88, respectively with the modified ARR model (score 1-111.6) in this cohort, the differences being highly statistically significant, p < 0.001 ( fig. 3 a-c) .
AUC in ROC analyses after stratification into the risk group A-F did not change.
As shown in table 4, NNTF was 16.7 with ARR 0, 4.8 with ARR 1, 2.3 with ARR 2 and 1.7 with ARR 3. In the modified ARR model, NNTF was 33.3 in risk group A, 9.1 in group B, 4.0 in group C, 1.8 in group D, 1.3 in group E, and 1.2 in group F.
The consequences of defining low risk groups as nonspecialist candidates for follow-up are shown in table 4. Applying the original ARR model, excluding group 0 from follow-up results in 185 (16%) less patients and still 96% of end-points detected. Excluding group 0 and 1 results in 499 (44%) fewer patients with detection rate of end-points of 78%. Applying the modified ARR model, excluding group A from follow-up results in 168 (15%) less patients with detection rate of end-points of 98%. Excluding group A and B results in 394 (35%) fewer patients to follow and detection rate of end-points of 91%. Table 5 provides a comparison of the French [14] and Norwegian cohorts. The most important baseline difference was that the Norwegian cohort had more patients with initial eGFR <60 ml/min/1.73 m 2 (38 vs. 26%). In general, Norwegian patients also had higher ARR scores, 50% having an ARR score of 2-3 vs. 34% in the French cohort. Five years after the kidney biopsy, the risks of ESRD/death were 2% (French) versus 3% (Norwegian) in patients with ARR 0, 2 vs. 6% with ARR 1, 7 vs. 17% with ARR 2 and 29 vs. 39% with ARR 3. Fifteen years after biopsy the numbers were 4% (French) versus 6% (Norwegian) in patients with ARR 0, 9 vs. 21% with ARR 1, 18 vs. 43% with ARR 2 and 64 vs. 60% with ARR 3.
Discussion
The major findings in the present study are that ARR is suitable to predict ESRD and death in Norwegian IgAN patients, confirming the findings of Berthoux et al. [14] , and that including initial eGFR and age in our study significantly increases the accuracy of the model. The ROC analyses show that the original ARR model can be characterized as a fair prognostic model, whereas the new modified ARR model improved the prognostic capacity in our cohort. We have also shown that all components of the ARR concept are independent risk factors for ESRD and death in our IgAN patients and probably should be included in any prognostic model of this disease.
Our findings are not surprising given the facts that proteinuria, hypertension, initial eGFR, and histopathological lesions are the four best documented traditional risk markers for progression to ESRD [4] [5] [6] 17] and death in IgAN patients [21] . In principle, all prognostic models should be tested on populations that are independent of the cohort used to develop the models [16] . To our knowledge the ARR model has previously only been validated on one external cohort, 74 patients with Henoch-Schön-leins purpura [22] , and the results of the present study therefor substantially increases the generalizability of the model. Obviously, the suggested modified ARR model in the present study needs independent validation in other cohorts and populations before it can be considered a valid prognostic model of IgAN. IgAN patients are typically characterized by a great heterogeneity in disease presentation and outcome. We have shown that patients with decreased eGFR at diagnosis usually have a relatively poor long-term prognosis. As shown in the NNTF analysis, the greatest variability in outcome is observed in patients with an initial normal eGFR; this group is therefore the most challenging regarding models for prognostic and therapeutic considerations, and the need for specialist follow-up. Our NNTF data indicates that patients with CKD 1-2 and ARR score Cumulative risks of ESRD/death with ARR score 0 and 3 were approximately similar in the Norwegian and the French cohorts. With an ARR score of 1 and 2, the risks were substantially higher in the Norwegian cohort. It is possible that a higher fraction of patients with eGFR <60 ml/min/1.73 m 2 and ARR score 1 and 2 in the Norwegian cohort can explain this finding. A direct comparison was unfortunately not possible because cumulative risk in the Table 3b shows the stratification of cohort based on modified ARR model. DR = Detection rate (i.e., the proportion (%) of detected cases of ESRD/death if all with at least this value were followed). Cohort (i.e., the proportion (%) of cohort needed to be followed up if all with at least this value were followed). NNTF (i.e., numbers needed to follow, how many patients are needed to be followed up to detect one patient with endpoint). French study separately for different strata of initial eGFR was not reported.
We must emphasize that we were not able to validate all aspects of the ARR prognostic model due to the nature of our database. First, in the French study time zero was onset of the disease, a date that preceded the diagnostic biopsy with a mean of 5.5 years. In the Norwegian cohort time, zero was the date the diagnostic kidney biopsy was performed. As a result, we have compared 5 and 15 years outcome in the Norwegian with 10 and 20 years outcome in the French cohort. Second, the definition of severe histopathological lesions is different between the studies. Due to data registration in the NKBR it was not possible to apply the global optical score (GOS) that is used in the French study. However, the same histological parameters (glomerular, vascular, and tubulointerstitial) are used in both GOS and the histological grading system of the present study and the difference is thus probably relatively limited. Finally, the definition of proteinuria ≥ 1 g/24 h was based on urine dipstick test or clinical information in 20% of the Norwegian patients; in the French study, all patients had quantitatively measured proteinuria. Apart from these corrections, we consider our study as a strong external validation of the ARR prognostic model as described by Berthoux et al. [17] .
In the French study, progression to Chronic Kidney Disease (CKD) 3 or higher is an additional end-point to ESRD/death and therefore, it could not also serve as a risk factor in the ARR model. We could not apply CKD 3+ as an end point in our study because there are no follow-up data on kidney function in the NKBR database. Considering the complete biological course of IgAN, we agree with Berthoux et al. that a low initial eGFR is in fact a damage marker that suits as an end-point and not a risk factor of this disease. However, since IgAN initially often is an asymptomatic condition, it is frequently not detected clinically until late in the natural disease course. Thus, lead time bias is obviously a complicating factor in the assessment of prognosis in IgAN patients. Nevertheless, in clinical practice and as shown in the present study, a low eGFR at the time of the diagnostic kidney biopsy is an important prognostic marker regarding the future risk of ESRD/death.
In contrast to another recently published prognostic model on IgAN patients [17] , deaths occurring before the commencement of renal replacement therapy were included in the current study as a primary endpoint in the ARR model. The rationale was the high mortality rate observed in chronic kidney disease patients in general [15] ; surprisingly, the same picture is not observed in patients with chronic kidney disease resulting from IgAN. In both the French and the current cohorts, cases of ESRD greatly outnumbered deaths. In the French study, 32 ESRD and 13 deaths [14] were observed, compared to 251 ESRD and 69 deaths as observed in the present work. Furthermore, our group recently demonstrated that the mortality rate of IgAN patients with initial eGFR in the normal range is not increased compared to the general population adjusted for age and sex [21] . Thus, it may be disputable whether including deaths as an endpoint in the ARR model is appropriate, particularly when applied for patients with eGFR ≥ 60 ml/min/1.73 m 2 . In addition to improved prognostic capacity, the modified ARR score also has other advantages compared to the original ARR model. For example, a patient with proteinuria ≥ 1 g/24 h and an aggressive histological picture but no other risk factors has a modified ARR score of 5.0 (2.1 × 2.4). The hazard value for this person is 5.0 times the hazard value for a person with none of the risk factor apparent. Furthermore, the hazard value for a person with a score of 5.0 is 1.7 (5.0/2.9 = 1.7) times the hazard value for a patient who has a score of 2.9. With the original ARR model, the score (0-3) does not contain direct relative risk information. In total, there are 48 possible scores with the modified ARR model; some practitioners might find it useful to stratify the patients into fewer risk groups. We therefore also stratified the modified ARR scores into six groups equally spaced on a logarithmic scale.
The obvious strength of our study is the large population-based patient cohort with very long follow-up time and many endpoints. A weakness is the lack of information regarding how the patients were treated; such information is not available in the NKBR. In the French cohort, all patients were reported to have received adequate treatment; this is likely the case also in Norway since nephrologists in general oversee the follow-up of IgAN patients. There are, however, no clear guidelines on treatment of high-risk IgAN patients and differences in treatment protocols are therefore likely. It is also a weakness of both the present and the French study that the Oxford classification of IgAN [23] was not used to define severe histological lesions. It must, however, be noted that most patients in both studies were diagnosed prior to the publication of the Oxford classification and retrospective use of this classification on registry data is not feasible. Second, there is obviously substantial overlap between the Global Optical Score (GOS), the definition of severe histological lesions in the present study and the Oxford classification. Third, the Oxford Classification of IgAN was not developed for IgAN patients with low-grade protein-uria nor for patients with advanced kidney failure (eGFR <30 ml/min/1.73 m 2 ). Receiving operating characteristic (ROC) curves were used to evaluate the performance of the modified ARR score resulting in improved AUC values indicating that the model has a strong potential as a prognostic model for 5-15 years survival. Note however that the derived AUC is subject to being overly optimistic because it is derived from the same data as was used to fit the Cox model.
Time has perhaps come to suggest that there is a need for collaborative efforts aiming at developing a single and internationally accepted prognostic model incorporating both histological and clinical risk factors of this disease.
In summary, we have shown that the ARR model is applicable to predict prognosis regarding the risk of ESRD and deaths in a Norwegian IgAN cohort. Inclusion of eGFR and age at time of diagnosis substantially improves the accuracy of the model, and may reduce the cost of unnecessary specialist follow-up of low-risk patients. Excluding deaths as an endpoint should be considered when the ARR model is applied on IgAN patients with normal initial eGFR.
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